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Objective: Surgical replacement is our standard treatment for descending aortic aneu-
rysm, despite the advent of thoracic endoprostheses. We retrospectively analyzed out-
comes of descending aortic replacement performed with partial cardiopulmonary
bypass.
Methods: Since 1994, a total of 113 patients in our institution (mean age 68 6 12
years, n 5 75 male) have undergone graft replacement of the descending aorta for
nondissecting aneurysm. There were 16 emergency cases (14.2%). All operations
were performed through left thoracotomy with partial cardiopulmonary bypass with
segmental clamping. Since 1998, preoperative magnetic resonance angiography has
been performed to detect the Adamkiewicz artery in elective cases. Motor evoked
potentials are now measured intraoperatively.
Results: Early mortalities were 5.3% overall (6/113), 1.0% (1/97) in elective cases,
and 31.3% (5/16) in emergency cases. Rates of spinal cord dysfunction were 2.7%
overall (3/113), 1.0% (1/97) in elective cases, and 12.5% (2/16) in emergency cases.
Stroke rates were 7.1% overall (8/113), 4.1% (4/97) in elective cases, and 25.0% (4/
16) in emergency cases. Rates of respiratory failure were 9.7% overall (11/113), 9.2%
(9/97) in elective cases, and 12.5% (2/16) in emergency cases. No patient underwent
reoperation for the same lesion as a result of repair problems in the follow-up period.
Kaplan–Meier overall survival estimates were 92.2% at 3 years, 90.6% at 5 years, and
70.2% at 10 years.
Conclusion: Although it is more invasive than stent graft repair, descending aorta re-
placement performed with partial cardiopulmonary bypass involves a risk comparable
to that associated with thoracic endoprosthesis placement.
S
urgical treatment for a descending thoracic aneurysm (DTA) is changing dras-
tically in response to the advent of endovascular treatment. Endoprostheses
have been used for DTA, with generally favorable results.1,2 Stent graft repair
for thoracic aortic diseases is a therapeutic option even for high-risk patients who are
not candidates for open surgery. Open surgical replacement, however, is still our cur-
rent standard treatment for DTA. There are several operative strategies for DTA, such
as the single-clamp technique,3 distal perfusion with left heart bypass,4 hypothermic
circulatory arrest,5 and partial cardiopulmonary bypass (PCPB).6 We have usually
used PCPB for DTA, with hypothermic circulatory arrest when there is no space
for crossclamping. We retrospectively analyzed the outcomes for DTA repair per-




From 1994 to 2004, a total of 113 patients (75 men, mean age 68 6 12 years) underwent graft
replacement of the descending aorta for nondissecting aneurysm. The cases that required open
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proximal anastomosis under circulatory arrest were excluded, and
the patients in this study had sufficient space for crossclamping
next to the left subclavian artery and celiac artery. There were 16
cases of emergency surgery (14.2%), all because of rupture of the
aneurysm. Fifteen patients had undergone previous abdominal aor-
tic replacement, 3 had undergone previous thoracoabdominal aortic
replacement, and 11 had undergone previous thoracic aortic replace-
ment. Since 1998, preoperative magnetic resonance angiography
has been performed to detect the Adamkiewicz artery (AKA) in
elective cases.7 The AKA was preoperatively imaged by contrast
magnetic resonance angiography with gadolinium dimeglumine
(0.3 mmol/kg body weight). Early- and late-phase images were
used to differentiate arteries from veins. Imaging volumes covered
the levels between T6 and L3. The AKA and the anterior spinal ar-
tery were identified by at least two radiologists in 0.6-mm contigu-
ous sections processed by multiplanar reconstruction. Our
institution approved this retrospective study and did not require
patient consent on the condition that patients not be identified.
Operative Techniques
The patients were anesthetized and intubated with a double-lumen
endotracheal tube. The patients were then positioned in the right lat-
eral decubitus position with the hips flexed 60. An incision was
made from the vertebral border of the scapula to the costal cartilage
along the intercostal space. From the 4th to the 7th intercostal space,
access to the left thorax was selected according to the location of the
aneurysm. The left or right femoral artery and vein were dissected
and looped with umbilical tape. A cannula was inserted in the
femoral artery for perfusion inflow, and another cannula was
inserted in the femoral vein for perfusion outflow. The tip of the
venous cannula was placed at the opening of the inferior vena
cava in the right atrium, with placement confirmed by transesopha-
geal echocardiography. PCPB was initiated, and normal proximal
aortic pressure was maintained; the flow rate was usually around
1.5 to 2.0 mL/(min $ m2). The pump circuit had an extracorporeal
membrane oxygenator, including a heat exchanger. The bladder
temperature was cooled to between 33C and 34C during
PCPB.8 The DTA was exposed and clamped after establishment
of PCPB. The clamps were placed sequentially when the aneurysm
involved a long segment. The aorta was opened longitudinally, and
intercostal arteries were ligated or oversewn for hemostasis when
they were considered to be unimportant. Intercostal arteries that
had to be reattached or preserved were temporarily closed with
a bulldog clamp or small balloon-tip catheters. The anastomosis
was always performed with complete transection of the descending
aorta. An appropriately sized Dacron polyester fabric graft was cho-
sen, and the proximal anastomosis was performed first with running
3-0 or 4-0 polypropylene suture with a polytetrafluoroethylene felt
strip. Intercostal arteries were reattached with a short, small-caliber432 The Journal of Thoracic and Cardiovascular Surgery c Augraft. The distal anastomosis was then performed with running 3-0
or 4-0 polypropylene suture with a polytetrafluoroethylene felt strip.
The flow of PCPB was reduced, and the aortic clamps were then
gently released. The patient was weaned from PCPB once the blad-
der temperature reached 36.5C.
We have been measuring motor evoked potentials (MEPs) during
surgery since 1998 to detect spinal ischemia and have previously de-
scribed the details.9 With sufficient anesthesia maintained with low
doses of fentanyl (0.02–4 mg/kg), propofol (4—6 mg/[kg $ h]),
and vecuronium (0.04 mg/[kg $ h]), the motor cortex was activated
by 600 V transcranial electrical stimulation. The action potentials
conducted through the anterior horn motor neurons were recorded
from the skin over the upper extremity muscles (as a control), the
lower extremity muscles, and the thenar muscles. The signals of
the MEPs are affected by femoral arterial cannulation; the probe
was therefore always placed on the contralateral side from femoral
cannulation. Monitoring of MEPs is also influenced by anesthesia,
including neuromuscular blockade, only a low dose of vecuronium
was therefore used during the operation. During crossclamping,
MEP levels were determined every 2 to 5 minutes. A fall in MEP am-
plitude below 25% of the baseline was taken to indicate ischemia of
the spinal cord. When critical reduction of MEP amplitude was ob-
served, rapid revascularization of the spinal cord blood supply was
performed. Additionally, the blood pressures of upper and lower
body were increased with use of catecholamines, transfusion, and
perfusion flow.
Definitions
Early mortality was defined as death during the hospital stay. Post-
operative stroke was defined as newly developing neurologic deficit
confirmed by computed tomography. Neurologic diagnoses were
made by neurologists. Respiratory failure was defined as the need
for intubation and ventilatory support longer than 72 hours.
Statistical Analysis
Values are the mean 6 SD. Data were analyzed with Fisher exact
tests for categorical variables.
Results
The early mortalities were 5.3% overall (6/113), 1.0% (1/97)
in elective cases, and 31.3% (5/16) in emergency cases. The
rates of spinal cord dysfunction were 2.7% overall (3/113),
1.0% (1/97) in elective cases, and 12.5% (2/16) in emergency
cases. Spinal cord dysfunction occurred more frequently in
patients older than 75 years and was not prevented by preop-
erative AKA detection (Table 1). The stroke rates were 7.1%
overall (8/113), 4.1% (4/97) in elective cases, and 25.0% (4/
16) in emergency cases. Stroke occurred most frequently in
emergency cases, but it was not related to crossclamping ad-
jacent to the aortic arch (Table 2). The rates of respiratory
failure were 9.7% overall (11/113), 9.2% (9/97) in elective
cases, and 12.5% (2/16) in emergency cases.
Thirty-two patients were older than 75 years, and 9 of
these underwent emergency operations. The older patients’
mortality was 6.3% (2/32), and the 2 patients who died had
both undergone emergency operations. The rates of spinalgust 2008
Minatoya et al Surgery for Acquired Cardiovascular Disease
A
CDcord dysfunction in this age group were 9.3% overall (3/32),
4.3% (1/23) in elective cases, and 22.2% (2/9) in emergency
cases. The stroke rates were 9.4% overall (3/32), 0% (0/23) in
elective cases, and 33.3% (3/9) in emergency cases. The rates
of respiratory failure were 12.5% overall (4/32), 13.0% (3/
23) in elective cases, and 11.1% (1/9) in emergency cases.
Overall, the mean operative time was 291 6 93 minutes,
the mean PCPB time was 84.8 6 32.1 minutes, the mean
bleeding volume was 1187 6 1432 mL, and the mean trans-
fusion volume was 1335 6 2642 mL, with 45.1% of the pa-
tients not requiring transfusion. In elective cases, the mean
operative time was 280 6 78 minutes, the mean PCPB
time was 80.7 6 27.7 minutes, the mean bleeding volume
was 921 6 845 mL, and the mean transfusion volume was
851 6 1870 mL, with 51.5 % of the patients not requiring
transfusion.
Magnetic resonance angiography was performed in 65
cases, and the AKA was detected in 50 patients (76.9%).
TABLE 1. Spinal cord dysfunction and variables
Total Spinal cord dysfunction P value
All 113 3 (2.7%)
Male 76 3 (3.9%) .55
Age
.70 y 56 3 (5.4%) .12
.75 y 32 3 (9.4%) .02
Partial cardiopulmonary
bypass duration
.60 min 83 3 (3.6%) .99
.90 min 39 1 (2.5%) .99
.120 min 15 1 (6.7%) .36




50 2 (4.0%) .59
TABLE 2. Stroke and variables
Total Stroke P value
All 113 8 (7.1%)
Male 76 5 (6.6%) .72
Age
.70 y 56 4 (7.1%) .99
.75 y 32 3 (9.4%) .69
Partial cardiopulmonary
bypass duration
.60 min 83 8 (9.6%) .20
.90 min 39 5 (12.8%) .13
.120 min 15 3 (20.0%) .08
Emergency operation 16 4 (25.0%) .01
Crossclamp near arch 37 4 (10.8%) .43The Journal of ThorAmong these patients, 2 had paraplegia; the AKA had been
detected in both. Three patients had paraplegia or parapare-
sis; 1 had undergone surgery without MEP monitoring, an-
other showed MEP change, and the third patient showed no
change in MEPs. MEPs were altered in 2 patients; 1 had para-
plegia and the other had a postoperative stroke.
None of the patients underwent reoperation for the same
lesion to repair problems in the follow-up period. Kaplan–
Meier overall survival estimates were 92.2% at 3 years,
90.6% at 5 years, and 70.2% at 10 years (Figure 1).
Discussion
DTA repair is usually discussed in combination with thora-
coabdominal aortic aneurysms. Reports focusing solely on
surgical repair for DTA are relatively uncommon. Many
DTAs will probably be repaired with endoprostheses, because
a DTA has no visceral branches. The advent of endovascular
treatment is believed to be a great innovation in treatment for
aortic aneurysm. Endoprostheses have been used for abdom-
inal aortic aneurysms, and some surgeons are now using them
for DTA repair. Makaroun and colleagues2 used the GORE
TAG thoracic endoprosthesis in 139 patients with DTA.
They reported that the procedure time was 150 minutes on av-
erage, blood loss was 506 mL on average, and that mortality,
stroke, and spinal ischemia rates were 1.5%, 4% and 3%, re-
spectively. Fattori and colleagues10 used the Talent thoracic
stent graft for DTA in 457 patients. They reported mortalities
of 7.9% in acute cases and 4% in elective cases, a stroke rate
of 3.7%, and a spinal ischemia rate of 1.7%.
The articles on endoprostheses refer to open repair of
DTA, and they often point out that the mortality associated
with open repair is greater than 10% and that the risk of spinal
ischemia is 4% to 5%. On the other hand, the results of open
repair are improving. Coselli and colleagues11 reported a mor-
tality of 4.4% and a paraplegia rate of 2.6% after open repair
of DTA. Estrera and associates12 reported a mortality of 8.8%
Figure 1. Kaplan–Meier cumulative actuarial survival curve.acic and Cardiovascular Surgery c Volume 136, Number 2 433
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cerebrospinal fluid drainage and distal perfusion. Even with
hypothermic circulatory arrest, Patel and coworkers13 re-
ported a mortality of 6.0%, a stroke rate of 6.8%, and a spinal
ischemia rate of 4.5%. Our results were comparable with or
even better than those reported for open repair and for
endoprostheses. Open repair of DTA has several merits rela-
tive to repair with an endoprosthesis, especially long-term du-
rability. Moreover, there are no anatomic limitations such as
interfere with the applicability of an endoprosthesis, includ-
ing short or wide proximal or distal landing zones, severe
neck angulations, and tortuous or stenotic access arteries.14
Stroke is a devastating complication after aortic surgery.
The incidence and etiology of stroke related to DTA repair
have not been frequently described. Attention is generally
paid to spinal ischemia as a primary neurologic complica-
tion of DTA repair. Actually, DTA repair with PCPB in-
volves a certain risk of stroke, as indicated in this study.
Goldstein and colleagues15 reported a stroke rate of
8.1 % in DTA repair and also noted that stroke was a signif-
icant predictor of postoperative death. Patel and co-
workers13 reported a stroke rate of 6.8% in DTA repair
with hypothermic circulatory arrest. The retrograde flow
of PCPB from femoral cannulation when normal proximal
aortic pressure is not maintained could be a reason for
the stroke risk. Moreover, crossclamping adjacent to the
aortic arch has also been mentioned as a cause of stroke.16
In our study, however, some patients without crossclamping
adjacent to the aortic arch still had stroke occur under nor-
mal proximal aortic pressure. Crossclamping adjacent to the
aortic arch was not a statistically significant risk factor of
stroke in our study.
The preoperative detection of AKA by magnetic reso-
nance angiography is, we believe, useful in preventing spinal
cord injury during DTA repair. The utility of the detection of
AKA has already been described elsewhere, and the effects
were reflected in the lower rate of spinal ischemia. Although
the spinal blood supply is not completely understood, we
consider that reimplantation or preservation of the intercostal
arteries, which connect the AKA, contributes to improved
results. In this study, however, 2 patients showed spinal
ischemia despite detection of the AKA. This implies that
preservation of the AKA per se is not enough to prevent spi-
nal ischemia. MEPs have been reported to be a rapid indicator
of spinal cord injury during thoracoabdominal aortic repair.17
We also believe that MEP monitoring contributes to preven-
tion of spinal cord injury, even during DTA repair, but such
an effect was not clear in this study.
Advanced age is supposed to be among the risks for DTA
repair. Huynh and colleagues18 reported a stroke rate of 9% in
their series of descending and thoracoabdominal aortic re-
placements in patients of advanced age. In this study, the fre-
quencies of stroke in patients older than 70 years and in those
older than 75 years old were comparable. No deaths and no434 The Journal of Thoracic and Cardiovascular Surgery c Augpostoperative strokes were seen among elective cases. The
rate of respiratory failure, however, was high even in elective
cases, as expected.
In conclusion, outcomes of traditional open DTA repair
are improving. The long-term result of this technique is in
clear contrast to that of endoprosthesis. Even in patients older
than 75 years, open DTA repair can be performed with ac-
ceptable risk. Although open DTA repair is by definition
more invasive and should be further improved, the risks in-
volved in replacement of the descending aorta under PCPB
were comparable to those associated with thoracic endopros-
thesis placement at this time.
References
1. Wheatley GH 3rd, Gurbuz AT, Rodriguez-Lopez JA, Ramaiah VG,
Olsen D, Williams J, et al. Midterm outcome in 158 consecutive Gore
TAG thoracic endoprostheses: single center experience. Ann Thorac
Surg. 2006;81:1570-7.
2. Makaroun MS, Dillavou ED, Kee ST, Sicard G, Chaikof E, Bavaria J,
et al. Endovascular treatment of thoracic aortic aneurysms: results of
the phase II multicenter trial of the GORE TAG thoracic endoprosthesis.
J Vasc Surg. 2005;41:1-9.
3. Cooley DA, Golino A, Frazier OH. Single-clamp technique for aneu-
rysms of the descending thoracic aorta: report of 132 consecutive cases.
Eur J Cardiothorac Surg. 2000;18:162-7.
4. Estrera AL, Miller CC 3rd, Chen EP, Meada R, Torres RH, Porat EE,
et al. Descending thoracic aortic aneurysm repair: 12-year experience us-
ing distal aortic perfusion and cerebrospinal fluid drainage. Ann Thorac
Surg. 2005;80:1290-6.
5. Soukiasian HJ, Raissi SS, Kleisli T, Lefor AT, Fontana GP, Czer LS,
et al. Total circulatory arrest for the replacement of the descending
and thoracoabdominal aorta. Arch Surg. 2005;140:394-8.
6. Coady MA, Mitchell RS. Femoro-femoral partial bypass in the treatment
of thoracoabdominal aneurysms. Semin Thorac Cardiovasc Surg. 2003;
15:340-4.
7. Yamada N, Takamiya M, Kuribayashi S, Okita Y, Minatoya K,
Tanaka R. MRA of the Adamkiewicz artery: a preoperative study
for thoracic aortic aneurysm. J Comput Assist Tomogr. 2000;24:
362-8.
8. Svensson LG, Khitin L, Nadolny EM, Kimmel WA. Systemic tempera-
ture and paralysis after thoracoabdominal and descending aortic opera-
tions. Arch Surg. 2003;138:175-80.
9. Ogino H, Sasaki H, Minatoya K, Matsuda H, Yamada N, Kitamura S.
Combined use of Adamkiewicz artery demonstration and motor-evoked
potentials in descending and thoracoabdominal repair. Ann Thorac Surg.
2006;82:592-6.
10. Fattori R, Nienaber CA, Rousseau H, Beregi JP, Heijmen R,
Grabenwo¨ger M, et al. Results of endovascular repair of the tho-
racic aorta with the Talent Thoracic stent graft: the Talent Tho-
racic Retrospective Registry. J Thorac Cardiovasc Surg. 2006;132:
332-9.
11. Coselli JS, LeMaire SA, Conklin LD, Adams GJ. Left heart bypass dur-
ing descending thoracic aortic aneurysm repair does not reduce the inci-
dence of paraplegia. Ann Thorac Surg. 2004;77:1298-303.
12. Estrera AL, Rubenstein FS, Miller CC 3rd, Huynh TT, Letsou GV,
Safi HJ. Descending thoracic aortic aneurysm: surgical approach and
treatment using the adjuncts cerebrospinal fluid drainage and distal aor-
tic perfusion. Ann Thorac Surg. 2001;72:481-6.
13. Patel HJ, Shillingford MS, Mihalik S, Proctor MC, Deeb GM. Resection
of the descending thoracic aorta: outcomes after use of hypothermic cir-
culatory arrest. Ann Thorac Surg. 2006;82:90-6.
14. Najibi S, Terramani TT, Weiss VJ, Mac Donald MJ, Lin PH, Redd DC,
et al. Endoluminal versus open treatment of descending thoracic aortic
aneurysms. J Vasc Surg. 2002;36:732-7.
15. Goldstein LJ, Davies RR, Rizzo JA, Davila JJ, Cooperberg MR,
Shaw RK, et al. Stroke in surgery of the thoracic aorta: incidence,ust 2008
Minatoya et al Surgery for Acquired Cardiovascular Diseaseimpact, etiology, and prevention. J Thorac Cardiovasc Surg. 2001;122:
935-45.
16. Kawaharada N, Morishita K, Fukada J, Hachiro Y, Fujisawa Y, Saito T,
et al. Stroke in surgery of the arteriosclerotic descending thoracic aortic
aneurysms: influence of cross-clamping technique of the aorta. Eur J
Cardiothorac Surg. 2005;27:622-5.The Journal of Thor17. Jacobs MJ, Mess W, Mochtar B, Nijenhuis RJ, Statius van Eps RG,
Schurink GW. The value of motor evoked potentials in reducing paraplegia
during thoracoabdominal aneurysm repair. J Vasc Surg. 2006;43:239-46.
18. Huynh TT, Miller CC 3rd, Estrera AL, Porat EE, Safi HJ.
Thoracoabdominal and descending thoracic aortic aneurysm surgery
in patients aged 79 years or older. J Vasc Surg. 2002;36:469-75.acic and Cardiovascular Surgery c Volume 136, Number 2 435
A
CD
